The current research study focuses on the feasibility of stand-alone hybrid solar-geothermal organic Rankine cycle (ORC) technology for power generation from hot springs of Bhurung Tatopani, Myagdi, Nepal. For the study, the temperature of the hot spring was measured on the particular site of the heat source of the hot spring. The measured temperature could be used for operating the ORC system. Temperature of hot spring can also further be increased by adopting the solar collector for rising the temperature. This hybrid type of the system can have a high-temperature heat source which could power more energy from ORC technology. There are various types of organic working fluids available on the market, but R134a and R245fa are environmentally friendly and have low global warming potential candidates. The thermodynamic models have been developed for predicting the performance analysis of the system. The input parameter for the model is the temperature which was measured experimentally. The maximum temperature of the hot spring was found to be 69.7°C. Expander power output, thermal efficiency, heat of evaporation, solar collector area, and hybrid solar ORC system power output and efficiency are the outputs from the developed model. From the simulation, it was found that 1 kg/s of working fluid could produce 17.5 kW and 22.5 kW power output for R134a and R245fa, respectively, when the geothermal source temperature was around 70°C. Later when the hot spring was heated with a solar collector, the power output produced were 25 kW and 30 kW for R134a and R245fa, respectively, when the heat source was 99°C. The study also further determines the cost of electricity generation for the system with working fluids R134a and R245fa to be $0.17/kWh and $0.14/kWh, respectively. The levelised cost of the electricity (LCOE) was $0.38/kWh in order to be highly feasible investment. The payback period for such hybrid system was found to have 7.5 years and 10.5 years for R245fa and R134a, respectively.
Introduction
Renewable energy sources such as solar, biomass, geothermal, and hydro are the alternative energy sources for power generation. Due to excessive use of fossil fuel for power generation, the environment is polluted day by day thereby affecting and threatening living and human beings. Therefore, the renewable energy should be deployed and implemented in every aspects of power production. According to International Energy Agency (IEA), renewable energy will have the fastest growth in the electricity sector which provides almost 30% of power demand in 2023 globally. During this period, solar PV which is one of the renewable energy technologies is forecasted to meet more than 70% of the global electricity generation followed by wind, hydro, and bioenergy [1] . In Nepal, the scenario is quite different than others globally. The hydroelectric plant generates all the power needed for the country in a large scale. The solar energy has not been fully utilized for power generation apart from off-grid and some minigrid systems. Similarly, the wind and bioenergy power generation is very fewer in operations. On the other hand, a geothermal source is not exploited till now in Nepal for power generation. Even there is not much literature regarding the potential of power production from such source in the country. The solar energy source such as solar PV has been widely used all over the world due to low cost and technological advancement in that field. In a developed country, the grid connection solar PV has been installed for power production, but in developing countries such as Nepal, solar PV is installed in a rooftop of rural and urban households. Another category of solar energy utilization technology is concentrating solar power (CSP). This technology is primarily used in a large power plant for electricity generation.
Nepal lies on the good solar belt making the application of solar power attractive. In Nepal, it has been estimated that there is more than 6.5 hours of sunshine per day with approximately 300 days with the average isolation lying between 4 and 5 kWh per square meter per day [2] [3] [4] . Due to the exponential growth of organic Rankine cycle (ORC) technology installation and waste heat recovery utilization, the solar ORC technology installation in Nepal represents a strong motivation for investments in renewable energies especially the solar energy.
The use of solar energy for generating electrical power by utilizing organic compounds such as the working fluid in the solar Rankine cycle system is a new concept and is expected to be popular in Nepal. Solar organic Rankine cycle (ORC) technology is similar to the conventional steam Rankine cycle, but its working fluid is either pure or a mixture of organic compounds instead of water. Solar ORC technology has three main units [5, 6] : (1) solar thermal conversion unit, (2) ORC unit, and (3) power block. The working principle of this technology is as follows. The solar energy is collected by an array of solar collectors, each of which focuses the incoming sunlight onto a pipe located at the trough focal point, where a heat transfer fluid passes through a heat exchanger and transfers its heat to the working fluid of the ORC. This working fluid, when expanded, drives the ORC expander that is coupled to an electrical generator to produce electricity. The working fluid after passing through the expander goes to a condenser to transfer any remaining heat to the surrounding air/water, which causes the fluid to recondense into a liquid. The resulting liquid is then returned to the evaporator again through a pump. In this way, the cycle is completed. Figure 1 shows the working principle of the hybrid ORC system.
The stand-alone hybrid solar-geothermal ORC plant could be one of the appropriate technologies for the rural areas of Nepal for electrical power generation. Rural areas of Nepalese location lack grid connection with the mainline of electricity. So this study could be of significant importance in context to Nepal. Besides, there are numerous hot springs and these are utilized for recreational and skin treatment purposes. Typically, the natural hot spring temperature in Nepal ranges from 42°C to 73°C as various literature shows [7, 8] . This proposed study helps in estimating the feasibility of the low-temperature hot spring temperature utilization through the concept of organic Rankine cycle technology. Furthermore, Nepal has an average solar radiation of 4.7 kWh/m 2 per day. So this solar energy can also be harnessed when implemented as a hybrid system.
The solar-geothermal (hot spring) ORC system would be innovation development in terms of scientific and technological aspects. The proposed research could be beneficial not only to Nepal but also to the entire world in the low-grade heat utilization through the ORC system.
Several scientific articles regarding hybrid solargeothermal ORC technology include theoretical and experimental studies. In addition, the application of ORC technology includes biomass, geothermal, and solar energy utilization. In this study, the main focus of the ORC technology application is the hybrid solar-geothermal system. Heberle et al. [9] studied a concept on a solar thermal retrofit unit for geothermal ORC power plants in Turkey. The result obtained was increased in 4.5% of annual electricity generation compared with the stand-alone geothermal power plant. Astolfi et al. [10] analyzed a geothermal-based ORC system when combined with the concentrating solar power system. The authors reported that introduction of a solar parabolic trough field resulted in an increase in power production. Besides, an economic analysis was performed in order to obtain levelised cost of electricity for such hybrid system. The estimated LCOE was €145-280/MWh. Similarly, Shu et al. and Yu et al. [11, 12] proposed a thermodynamic evaluation and techno-economic evaluations for a novel cascade ORC system for different working fluids. It was estimated that the best economic value for the electricity International Journal of Photoenergy production from the C-ORC system was found to be $0.27/kWh. Another study investigated by Ghasemi et al. [13] developed a model for the existing ORC which utilizes a geothermal source and has a model validated with 7200 operation data collected in one year. The results showed that the hybrid solar and geothermal plant yields 3.4% higher for second law efficiency as compared to the individual geothermal and solar system. Similarly, Bassetti et al. [14] modeled a hybrid geothermal-concentrating solar power plant integrated with solar thermal energy storage (TES) and showed that such unit enabled a 19% increment in an annual energy production; therefore, the study concluded that a hybrid plant with the addition of a TES unit can be highly beneficial for the system's efficiency. There are several other models such as the one developed by Ayub et al. [15] that suggested that there would be improvement in the net power output from 5.5% to 6.3%. Furthermore, the analysis revealed that the levelised cost of electricity by the hybrid system can be decreased by 2% as compared to the stand-alone geothermal system. Song et al. [16] simulated a solar-geothermal energy-coupled ORC system technology for finding the net thermal efficiency of the system. By the simulation results, the thermal efficiency of the coupled system is 11.21% higher as compared to the single air-cooled geothermal ORC system.
Various articles described only the solar-geothermal ORC system for the thermal efficiency performance. There is not any literature which describes the potential of hot spring for power generation by the ORC technology. When the hot spring is coupled with a solar thermal collector, the temperature of the hot spring will be increased. This increase in temperature is enough to operate the ORC system. Therefore, the current research could address the potential for power generation by hot springs where the source temperature is enough to operate the ORC plant in Nepalese context.
The main objective of the research is to study the feasibility of electrical power generation by the concept of stand-alone hybrid solar-geothermal organic Rankine cycle (ORC) technology in the Bhurung Tatopani area of Myagdi District, Nepal. The specific objectives for the research are as follows: (a) to determine the temperature of natural hot spring geothermal resources which can be utilized for evaporation of organic working fluids, (b) to measure the temperature of the solar collectors' hot water which will enhance the ORC system for running for higher time after sunset, and (c) to estimate the economic aspect of this technology in context to a Nepalese economic scenario.
Materials and Methods
In order to study the feasibility of stand-alone hybrid solargeothermal ORC system technology, an experiment and thermodynamic models have been developed and proposed for characterizing the performances of the system. Various methods that have been adopted in this study are as follows:
Preliminary Investigation of a Geothermal Hot Spring
Site. In the preliminary geothermal hot spring site investi-gation, the following assessment had been conducted in Bhurung Tatopani.
(i) Estimated the quality of hot water to determine whether it contains contamination or not (ii) Estimated the discharge of natural hot water along with the stream channel (iii) Assessed other hot springs' geothermal activity around the catchment area 2.2. Experiments. In the experimental analysis, the temperature of the hot spring was measured along with the flow rate. The hot spring water was stored in the storage tank. The stored hot water temperature was measured for knowing whether the temperature could be able to run the ORC system or not. Furthermore, the duration of constant hot water temperature was measured throughout the two different seasons (winter and summer). Similarly, in the same experimental setup, the solar collector's hot temperature water was pumped into the storage tank. The temperature of the stored hot water was measured. Later, the stored hot water was being mixed with hot spring. The measured temperature after mixing helped to estimate the capability for evaporation of the working fluid. The measured temperature was applied in the developed model. The built model predicts the power output from the hybrid stand-alone solar-geothermal ORC system. Figure 2 shows the experimental setup for measuring the temperature.
Development of Models for the System.
For the development of models, the desired thermodynamic properties of the ORC working fluid at different state points should be known. The thermodynamic properties of an ORC working fluid can be described best by the energy equation and calculated using the software known as Energy Equation Solver (EES). Therefore, all the thermodynamic properties of ORC working fluids in this study will be obtained using the academic version of the software EES. Likewise, for solar resource assessment information, the data from NASA and NREL were taken. This information can be easily available in their websites. After obtaining global horizontal irradiance (GHI) and DNI, the heat source temperature to run the ORC system can be estimated. Moreover, the thermodynamic analysis in a steady state shall also be conducted for each (1) The calculation is based on steady-state conditions (2) The pressure drops in the heat exchangers are neglected (3) The heat losses from the various components are assumed to be negligible 2.3.1. ORC Component Models. The general expressions for the energy balances of any steady state that are applied in each of the system components can be expressed as
where subscripts in and out represent the inlet and outlet, respectively, m and h represent the mass flow rate and specific enthalpy, respectively, of the streams of the system working fluid, and Q and W represent the heat transfer and work transfer crossing the component boundaries, respectively. The ORC components in the system consist of a pump, an expander, an evaporator, and a condenser. The main governing equations for the development of the models are described below:
where P o and P i denotes the pressure at the outlet and inlet of the pump, respectively. m f , η p , and v f are the mass flow rate of the working fluid, efficiency of the pump, and specific volume of the fluid, respectively.
Nu = hD h /K is the Nusselt number, Re = ρvD h /μ is the Reynolds number, h is the convection heat transfer coefficient, ρ is the density of material, v is the velocity, μ is the viscosity of the material, and D h is the hydraulic diameter of the heat exchanger.
where h i and h o are the enthalpy at specific pressure and temperature at the inlet and outlet of the expander, respectively.
where h i and h o are the enthalpy at specific pressure and temperature at the inlet and outlet of the condenser.
The abovementioned governing equations are based on basic laws of thermodynamics as presented by the authors [17] .
Solar Collector
Model. The solar radiation data accounts for beam, diffuse, and reflected components of the solar irradiation. The model consists of computation of clear sky global irradiation on a horizontal surface and calculation of clear sky index, diffuse, and beam components on inclined surfaces.
The solar collector can be modeled for two different types of collector. They are non-concentrating and concentrating collectors. In these models' development, the evacuated tube and parabolic trough technology collectors will be taken for non-tracking and tracking cased global and direct beam irradiance data. The governing equation for the solar collector is as follows [18] :
Here, C o , C 1 , and C 2 are collector constants and T c and T a are the mean collector temperature and ambient temperature, respectively.
The area of the solar collector is calculated using the collector energy balance equation which is as follows:
where η c , A c , and G b are the collector efficiency, area of the collector, and global radiation on the surface, respectively. The net solar ORC efficiency of the system is given by the following equation:
2.4. Techno-Economic Analysis of the Hybrid ORC System. In another part of the research, the economic analysis for the hybrid system was conducted which included calculation of the net present value (NPV), payback period, internal rate of return (IRR), benefit-cost ratio (BC ratio), and levelised cost of electricity production (LCOE). The technoeconomic analysis of the hybrid solar-geothermal ORC has the governing equations which are shown in Table 1 .
Results and Discussion
The investigated site was on the location (longitude: 83.61 and latitude: 28.49) at an elevation of 3004 m of Myagdi District. There are various hot springs in Nepal, but the Tatopani hot spring was one of the sites where the experimental work has been conducted. The site had not been contaminated, and the location for experiment was perfect. There was no any debris near the site (source of hot spring). During the months of February and March, the Kaligandaki River has not affected the heat source site, but the effect can be seen when it was rainy season during July. It was observed that the hot spring was used as recreational purposes in that location. The hot spring was pumped from the source in the pond 4
International Journal of Photoenergy for the storage and recreational activities such as bathing and refreshing. The nearby hot springs were quite far from the investigated location. This was the preliminary investigation before conducting the experiment in order to study the feasibility of the power generation by the geothermal source (hot spring) ORC system.
Experimental Activity Results.
After the preliminary investigation of the source of the hot spring in the location, the temperature of the hot spring was measured. The data logger was used for measuring the temperature with thermocouples. The temperature of the source was almost constant through the measurement. The maximum temperature of the Tatopani hot spring was approximately 70°C as shown in the measurement. Figure 3 shows the temperature profile of the hot spring on 31 st October 2018. The measured temperature was enough to observe the power output of the geothermal ORC system alone with two different organic working fluids (R134a and R245fa) by applying the obtained Table 1 : Governing equations for economic analysis [21] .
Economic parameters Governing equations Representation
Annual equivalent cost (AEC)
IC represents the capital cost, n is the system life period, i is the interest rate, B and C denote the benefit and cost at the end of the period, respectively. data on the developed model. Furthermore, a series of experiment were carried out in order to find the maximum temperature of the hot spring when it was passed into the solar collector. The temperature could be raised to 99°C when it was exposed to atmospheric pressure of 1 bar. This final temperature was again applied in the model in order to observe the performance of the system by simulation results with the organic working fluids.
Simulation
Results from the Developed Model. The model of the hybrid solar-geothermal ORC system consists of various main components such as pump, evaporator, expander, condenser, and solar field (collector). The various thermodynamic parameters that were used for simulation of the overall performance of the hybrid system are shown in Table 2 . Based on these boundary conditions indicated in the table, the results for the system had been analyzed.
There are various factors that affect the performance of the system, and the results are presented in this section.
3.2.1.
System's Efficiency. The system efficiency is one of the most significant indexes for evaluating the characteristics and performance of the hybrid solar-geothermal ORC system technology. Two working fluids R134a and R245fa had been taken for investigation of the system performance. R134a suits well for a low-temperature heat source whereas R245fa can be used for a mediumtemperature heat source. The Carnot efficiency of the system ranged from 16% to 23% for both of the working fluids when the heat source (geothermal source) temperature lies between 70 and 99°C. The Carnot efficiency can be increased when the heat source temperature is increased and the temperature of the heat sink is lowered. Figure 4 shows the Carnot efficiency of the proposed hybrid solar-geothermal ORC system for the particular heat source temperature.
Similarly, the thermal efficiency of the system is another indicator for measuring the system's performance. The system's thermal efficiency is a function of latent heat of evaporation, specific heat capacity, and enthalpies. The effect of thermal efficiency of the system changes with heat source temperature. The higher the heat source temperature, the higher the thermal efficiency. The rise in geothermal source temperature yields higher power output. This trend is presented in Figure 5 . The maximum thermal efficiency simulated was 8.3% when the heat source was 70°C with the working fluid R134a. Likewise, the net power output was found to be 17.5 kW when the working fluid mass flow rate is 1 kg/s. Besides, the hybrid solar-geothermal ORC source temperature changes from 70°C to 99°C, and the behavior in thermal efficiency changes from 8.1% to 11.9% with the working fluid R245fa. Here, the net power output (work done) was found to be 32 kW when the mass flow rate of R245fa was 1 kg/s. These performances on the thermal efficiency and net power output can be seen in Figure 6 .
The temperature of 99°C was reached when the hot spring (geothermal source) was fed into the evaluated solar collector. The hot spring temperature can be increased above the atmospheric pressure. If the system is assumed to have higher pressure for water, the performance of the system behaves differently. Figure 7 shows that the thermal efficiency of the hybrid system could reach to 15% with R245fa when the source temperature is 150°C. This is the optimal value for the system after simulation.
3.2.2.
Effect of the Pressure Ratio. The system pressure ratio determines the size, number, and type of expansion devices (expander) in the hybrid ORC technology. The higher the pressure ratio, the higher the thermal efficiency of the system. Furthermore, a higher pressure ratio system requires an increased number of expanders. In the case the system needs International Journal of Photoenergy a higher number of expansion devices, it should be installed either in parallel or series for optimizing the performance of the system. In addition, the higher the pressure ratio, the higher the power output. Figure 8 shows that the shaft power (mechanical power) is 18.5 kW when the pressure ratio is 3 for the working fluid R134a. Since the pressure ratio is small, the size of the expander is small and compact.
In the same figure (Figure 8 ), the pump power requirement is 1.5 kW for running the ORC system. Similarly, for the R245fa working fluid, the pressure ratio ranged from 3.2 to 7. Here, the shaft power obtained was 30 kW when the pressure ratio was 7. The pump power input was estimated around 1.1 kW. This scenario was observed in the simulation results as presented in Figure 9 .
Solar Collector
Sizing. The solar collector area can be best calculated based on the solar isolation of that particular location. The solar collector area can be obtained according to the turbine inlet temperature. If the turbine inlet temperature is higher, the solar ORC efficiency is higher. Figure 10 shows the effect of solar collector area requirement when the turbine inlet temperature changes. In addition, the net solar ORC efficiency can also be estimated with the collector area and the turbine inlet temperature. An area of approximately 785 m 2 is required for the power output of almost 30 kW. Similarly, the solar ORC efficiency could reach almost 9.7% when the solar collector efficiency is higher than 75%. The higher the collector efficiency, the higher the solar ORC system efficiency. This Likewise, Figure 11 shows that 267 kW heat is needed to produce network shaft work (mechanical work) of 40 kW.
Solar ORC Power
Output. The output of the solar ORC system depends mainly on the solar irradiance falling on the solar collector. The maximum solar insolation yields a high value of power output from the ORC system. The maximum solar insolation falling on the experimental site is given by an author [19] . Figure 12 shows the monthly solar ORC power output for monthly average solar irradiance falling onto the solar collectors. The maximum power output can be estimated on the month of May. During the month of May, the monthly power output was found to have 105 MWh energy when the solar irradiance was around 430 W/m 2 . The least power output from the system was obtained during the month of December due to low solar insolation for that particular location.
Model
Validation. The developed model of the hybrid solar-geothermal organic Rankine cycle system has been validated against the previous work of references indicated in Table 3 . The results of the model are very closed and showed good agreement with the referenced work. This demonstrated that the developed model is viable for the system in this study. The parameter "thermal efficiency" of the current model was varied accordingly with the references, and the 
Techno-Economic Analysis of the Hybrid Solar-
Geothermal ORC System. The techno-economic analysis was carried out in order to estimate the levelised cost of electricity generation by this technology. Furthermore, the economic indexes such as net present value (NPV), payback period (PB), internal rate of return (IRR), and sensitivity analysis were estimated to find the details of economic importance for manufacturers, investors, stakeholders, and energy planners. The specific cost per kW of the hybrid solar-geothermal ORC system has been estimated by taking the reference [20] . The individual solar ORC and geothermal ORC system-specific costs were taken into consideration. The cost of working fluids R245fa and R134a was taken on the basis of references [20] . Table 4 shows the total capital cost for the hybrid solar-geothermal ORC system. Here, the total cost of the system estimated was $30600 for the 30 kW power out plant.
The maximum percentage of the share in the system is for the solar ORC unit. Due to high cost of the solar collector, this part is quiet expensive as compared to solar PV. The second highest cost share accounts for the geothermal ORC unit which is almost 25%. During the estimation of the economic index, the component cost and operation and maintenance cost have been taken into account. It is assumed that the installation of the hybrid 9 International Journal of Photoenergy system is completed within one year. The inflation rate (interest rate) for the analysis was taken to be 5% with system life of 20 years. The salvage value for the system after 20 years is assumed to be zero. Based on these assumptions, the economic indicators were presented.
When the heat source temperature is in between 70 and 100°C, the output power is 17.5-25 kW (hybrid system) with the working fluid R134a. Similarly, when the source temperature is 70-120°C with the working fluid R245fa, the power output was 22.5-30 kW (hybrid system). The annual electrical productions from the hybrid system are 139500 kWh and 175500 kWh for the working fluids R134a and R245fa, respectively. The costs of electricity production from the hybrid system are $0.17/kWh (R134a) and $0.14/kWh (R245fa). There is a difference of $11000 for two different systems of the hybrid ORC plants due to their working fluids. R245fa is quiet expensive as compared to other working fluids. Table 5 shows the capital cost, annual generation cost, and cost of electrical power generation for two different working fluids.
Another economic indicator is the payback period of the installed system. The payback period is the number of years needed for the return of the investment. The payback period for the system which uses R134a is feasible when the levelised cost of electricity (LCOE) is above $0.38/kWh. The return of investment can be achieved after 10 years of power generation. The relationship between the net cash flow and system's life is presented in Figure 13 with various LCOE.
It is seen from the analysis that the hybrid solargeothermal ORC system can be economically feasible when the LCOE is doubled with the cost of electricity production. The same pattern is seen with the working fluid R245fa as presented in Figure 14 . Here, the LCOE is $0.32/kWh in order to have the return of investment within 11 years. But when LCOE is $0.34/kWh, the payback period is 8 years.
The payback period for the system with the working fluid R245fa has quick return due to higher energy production of electricity with the same heat source temperature. Likewise, the benefit-cost ratio and internal rate of return (IRR) are 1.1 and 8% and 1.4 and 12% for R134a and R245fa, respectively, when LCOE is $0.38/kWh. The benefit-cost ratio is greater than 1 so it is a feasible investment. Besides, the IRR is greater than 5% (interest rate) so it is a realistic investment.
The calculation of techno-economic analysis for the hybrid solar-geothermal ORC system has been compared with the reference work as presented in Table 6 . It is illustrated that the cost of electricity production for the hybrid system was almost similar to the reference work. There are very less deviations in percentage from the calculated value. This showed that the techno-economic evaluation calculation is acceptable.
Sensitivity
Analysis. Sensitivity analysis is the method for evaluating the risk associated with the investment. The sensitivity analysis is carried out by taking the most influencing parameters that play an important role in making decision whether it is worth investing or not. In the present study, Table 3 : Summary for validation of the referenced and current work for thermal efficiency [13, 16, 22] .
Description of the system
Thermal efficiency (referenced work) Reported novel solar-geothermal polygeneration system for electrical power and chilled, cooled, and desalinated water production. Analyzed on exergoeconomic of the electrical power production for the system €0.1475-0.1722/kWh [24] 5.08%
12
International Journal of Photoenergy annual power production, annual equivalent cost, and interest rate have been chosen for the analysis. For estimating the risk, a 20% value was fluctuated from the base case. The analysis was carried out for both of the working fluids (R134a and R245fa). Since the hybrid system is only feasible when the cost of electricity production is doubled, the LCOE for the analysis was taken to be $.0.38/kWh for both working fluids. Table 7 shows various scenarios affecting the net present value (NPV) with a 20% change in its influencing parameters. The sensitivity analysis indicates that when the annual production power is increased by 20%, the payback period is only 7.5 years with IRR of 12%. The net present value for this hybrid system is $202746.2 with a benefit-cost ratio of 1.34. The possibility of increment in annual production is running the ORC system for all hours throughout the year. This analysis was estimated for the working fluid R134a when the LCOE is $0.38/kWh.
A similar pattern is seen for the working fluid R245fa, when there is an annual power production increment from the hybrid. The results of the sensitivity analysis can be observed from Table 8 . Here, the payback period is only 5.5 years which seems very feasible investment. The IRR and benefit-cost ratio are 17% and 1.62, respectively.
In Figures 15 and 16 , the variation of the net present value (NPV) for all three different scenarios was examined and illustrated the importance of influencing parameters for the hybrid solar-geothermal ORC system. The highest dependency of NPV is for annual production of power followed by annual equivalent cost for both of the working fluids. The NPV should be positive in order to be feasibly invested. Figure 15 shows a slightly curvature type of profile; this is due to the negative NPV for the system.
Conclusions
The study reported the feasibility analysis of the stand-alone hybrid solar-geothermal organic Rankine cycle technology for power generation in Bhurung Tatopani, Myagdi. The experiment conducted on the Tatopani site revealed the temperature of the hot spring to be 69.7°C. Another experiment included feeding of the hot spring into the solar collector in order to observe the temperature increment which can be applied in the developed model. In the experimental results, it was illustrated that the temperature could reach 99°C. The thermodynamic models were developed from the governing equations of ORC system components. The model was developed by Engineering Equation Solver (EES). The developed model predicted the performance of the system when the input parameters were given. The simulation results showed that two different working fluids R134a and R245fa behave differently when the heat source temperature changes from 70-120°C. The power output from the system was 17.5 kW with 1 kg/s mass flow rate of the working fluid R134a in heat temperature of 70°C. The power output increased to 25 kW when the hot spring being heated with the solar collector reached the temperature of 99°C. The thermal efficiency was found to be around 8%. Similarly, for the working fluid R245fa, when the source temperature was 70°C, the output power was 22.5 kW. The thermal efficiency was found to be 10%. It was concluded that the working fluid R245fa could get higher power output due to its 13 International Journal of Photoenergy thermo-physical characteristics when subjected to various temperature values. In another part of the study, the techno-economic analysis was conducted for the hybrid system. The analysis was carried out for the power output of 30 kW. The analyzed results indicated that the cost of electricity production is $0.17/kWh for R134a and $0.14/kWh for R245fa. The payback period, benefit-cost ratio, and IRR are 12 years, 1.34, and 12% and 5.5 years, 1.62, and 17% for R134a and R245fa, respectively. For both cases, LCOE was $0.38/kWh. Therefore, the key finding is that the standalone hybrid solar-geothermal ORC system is feasible for power generation and is economically viable.
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